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(54) Title of the Invention: Inkjet Printhead Having Semispherical Ink Chamber and 

Method of Manufacturing the Same Using SOI Wafer 

Abstract: 

Provided are an inkjet printhead having a semispherical ink chamber and a method 
of manufacturing the same using an SOI wafer. The inkjet printhead includes a first 
substrate, an oxide layer, and a second substrate stacked on the SOI wafer. A manifold, a 
semispherical ink chamber, and an ink channel are formed on the first substrate as a single 
body. Nozzles are formed at a position corresponding to the oxide layer and the center of 
the ink chamber of the second substrate. An insulating barrier, which confines a portion of 
the second substrate to be ring-shaped and forms a ring-shaped heater surrounding the 
nozzles, is formed on the second substrate. In addition, a heater protective layer is stacked 
on the second substrate, and an electrode electrically connected to the heater is formed on 
the heater protective layer. Here, the insulating barrier is formed as a ring-shaped hole 
surrounding the heater along the inner and outer circumferential surfaces of the heater. 
Since the insulating barrier is sealed by the heater protective layer, the inside of the 
insulating barrier is actually in a vacuum state. The inkjet printhead and the method of 
manufacturing the same using the SOI wafer can satisfy overall requirements of a printhead. 
In particular, since the SOI wafer is used, an ink-ejecting unit can be formed to have a 
more solid structure. 
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(54) INK-JET PRINTER HEAD WITH HEMISPHERIC INK CHAMBER AND MANUFACTURING METHOD OF 
THE SAME USING SOI WAFER 



(57) Abstract: 

PURPOSE: An ink-jet printer head with hemispheric 
ink chamber and manufacturing method of the same 
using silicon on insulator(SOI) wafer are provided to 
reinforce structure of an ink discharge part. 

CONSTITUTION: A printer head includes a manifold 
(122) supplying ink{180), an ink chamber(124) 
hemispheric and filled with the ink to be discharged 
and an ink channel(126) supplying the ink from the 
manifold to the ink chamber, all of which are 

integrally formed on a first base plated 11); a nozzle| 

(130) formed on an oxidized membraneO 12) and a second base plated 13) corresponding with a center 
of the ink chamber to discharge the ink; a heat insulating wall(142) formed on the second base plate and 
limiting a part of the second base plate annularly to form an annular heater(140) surrounding the nozzle; a 
heater protective membrane(150) layered on the second base plate to protect the heater; and an electrode 
formed on the heater protective membrane and electrically connected with the heater to impress current to 
the heater. 
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^ (224)2] eSOl! 01 S^, S3 xH^(226)21 ojh S^AI S37h S3 *H^(226) 

^£S ^E|^ Sfe^ S3 <i S3 EI^AI 3 ^EOil S^l DIxlH^, S3 iH^(226)2J § 

^ai b u\mm mo\m wait 2iQ. 

BEIB, SOI W OliH (210)21 tf»ej-(2 12)21- 7312 715(213)011^ inM(230)OI ««EID1, XII 2 715(213)21 a 
¥^ 9"^ (242)011 21tH eyAif2] o|E1(240)M ^^o^l £!□-. oiE1(240)7h XII 2 715(213) 

£011^ fiS5«250)OI e^ftlB, o|Ei (240)011^ 3^(260)01 S^^JCK 

a 4'A|0j|2J olEi(240)^ ^§£S EAIEICH °1£U, E 5011 EAI^ Um ^ £011 7 h 7h§ 

OlofOilAI^ E 9d2h E 9b! SSSIDI Hffl ^ ^£1 ^ B ^ h S0il CO-E S3 2! 511 

E21 S3 £^ 01|7hUsl «3W7|g "«tCh 01 71 (HI A1, S3 0 ^5j M?H-ISj& 01011 E&e Sa- 
fe ^ 7fAl '^AlWIOilAi 7121 §iu^g 9*1 7IS^ ^ ^AIQfl M 7I^£^ I'flStK^. 

21^ E 9al SA1I5 ^£011 2Jtfl 0HLISE(122)2h S3 l9U(126)a S« S3 ab«(124) LH 

S3(180)7^ SSSQ. S3 HW(124) LH^OII S3(180)7^ XlflS ^EHffllAi. 2^(E 32J 160)1 
ltd «|Q (1.40)01 l^gpl 2!^§ra ^1Ei (140)011 At 801 98' S^.(142)0|| 

2|^H B S£S SEEIfe SOI ^THIEICH 3 CH^SOI tJHH-9 2«fSt(1.12» loH 23(1.80)5 HBSIIl, 
OI01I to S3(180)7i UI^Krt UtXt91)Oi 4S^Sa. Ol -Ut«(19t)S| B^S S|E«140)S| « 4^011 UIB 

e 9a2j -ae^ot'fEAiB' um '9di -Ciier §#01 -acf. 

E^y S6T2I Hi M( 191)01 AIZHJI XI y Oil WEI- BSWH- E 9b0fl EAI^J Hm m\ kM(230) OHi-OftM 
• tWUll £^ CH:^ aB*B2| HI M( 192)5 SMlCK &AIW, SSS HIM (192)011 S\tt S3 '9 

Hj(124)^E1 >tia30)§ -«H S3 ^(180')0| MMSLK 

ffl7B!@ 3^1 »9«ta "HZWi EI^AI H1M(192)^ ^^EITILK OHJS B 2011 EiEaAlB, S3 15 
tH(124) LHOil^ SH jqHj|(1-26)B >«|. QAI S3(180)7|- MSStJ. 

HW ^aiM sfl^SJ S3 §=.£ H^UfiOl COM^. S^21 U«.( 191)01 S^OflAI tl" 

ss ae!S2j HiM(i92)i m&as&Hi '£'sg.fe sb ^^(i80')2j seii SEi-^Tii eioi astr ^ 

^(satellite dpoplet)0| SifeCK 

S3 «tH(l£4)2| SSOI «*BSa ElOi 5tOI SEH2J q^aJM £Efe ElEfSl S?f2| S3, SbHOII 
HjoH tHa : (19L 192)2J mU SS7h 9S:SjO|I2, H1M(191. J92)°1 S liTOi fl #Eh .HUH? Al^ LHOfl 
SH2J Sg 01 QI^OISQ. 

BEIB, »H(«9)5h"«r Efe £Dil7^^£^ B 3^01 aCH 7»Hf aSOi »3j2. BOil [CfEh 
Hii(191. 192)2] &mM ^80J OlMfe ^fiAIZ^OI B ^Eh» ^€ ?tt^* 7H' * 
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3D. 

3£|3, bfl^(191, 192)2] ?J*fOI SN?S£J o| 3 *§UI(124) LH^S **§EISA1 93(180)2] '^7f r AM 
£j2t> DM 33 £M^2h2] ZJ£ (cross talk)0| ^XHSQ. Eth S3 «a< 126)01 S3 
SfcH(1-24)£Q 30171 M £55 OHJEf S3 SS.bfl( 124)31- S3 xHy(126)Oi 5U^ « SOU'S tHM 
^( 129)01 **2E!CH SICHAi , S3C18Q) a 1 U1MC192) 7JM7J S3 HIB(116) ^EIS c -^£ 

BttlS^B S 2r^0l Q. 

«6I, 3lE1(14O)0iiAi B«a BOI M2 715(113)1 foil D5 2EEi^ 301 51 142)011 2] 

SI 2UHEIE3, SIEK140MHIAI »«S S Oil U XI 21 S3(180)£2] 3SJS0I S0W?fl El 01, OIIUXl SI 
01 *F«EIDI WHO 91. 102)21 agOilAI ±1CHI 01 2 = ±RM210\ ?iOm?\\ 7§ ^OT^l 

SI * 3D. 

□ ^Oj, SO I HI0|3H(110)2| tf»af(l12)2t *02 715(1 13)011 2|*H SgEIS S3 Sfcfl(124)2J £W "01 
^JHSJ SI El (140)011 2J*J 31 Si S3 -3Hi(124) LH2] tfg(191, 192)2] SSSfa £3W CUE 13 § 
Oil 2]t>HA]E S3 3hH(124)2| *2 £ 3! 3 ^ ^01 gJTII SSEIAI S^D. S3 gtH(124) LH 

^011 A J^\~ EHM(19K 192)2J g^OI »S&M °AI1 £ 3^DL S3 (180' )2| §LHO| ^^uh>il 
£13, S3 £^^(100) g38|21 LH^SOI 87BPII SD. 

£E*h SOI 3101 H (110)9 tt»SK112)2t J||2 715(113)011 ^^EIS kl(130)2| 1J0I7F ^CHAI, ^E2| 
7F0IE £OIE S3 o -^(160')2] MtOI ?WIE§ 4^ 3D. 



D! 



t^3 tlt-OtOJ Ol 



^Al Oil Oil S3 S! S1IE1 X1I£^S ^1 £3^D. 



E 10 LHAI E 16g E 3HI EAI*! um ^ S3 £#^1 7hA|^ zHIEl asSF^ HfSl EAI 

*1 B21SAL E 10 LHA1 E 16CHIA1 21^^ E 32] A-A tUB 55EOI3, E 32J 

1 [LIB B3EOID. 



E 101 S£mS. 5AI SOI 8IIOIKI (110)1 SHIMIh SOI 
7I5(111)1K 4+»e«112)]lf, Xil2 715(113)2] ™m 721 
S||O|iH(110)S 9410121 H2BSI3*E1 ^JTil 3D. 01 

30Am, d^iuM!^ 20/em gE2l SOI SllOlffl (1 10)1 5H|*NIh 

Qh2£, E 11011 EAIB HffiF BO|, £dl£j SOI SilO|IH(1 10)2] «|2 715(113) 



fllOlffl(110)S SOTt Uffil- VOL XIII 
7FXI3 3^01, 01 ^521 SOI 
L SI2 715(113)21 =j«^ pjer IQ^m - 



^|2|D^Bg 5hD1 CH^ - 2A»n SE2) ^!^2^ g ^EH2] 51 (142)1 ^^ti" 

D. 5^ -S^(142)S 01011 2|WthSEI0| ^^EIS ^21 S|Ei(140)7F m 715(113)2] DS 
El ^9t! ^ 3E^ §|E1(140)2J LH^^Sh £1^31 MEIMfS S-EHS ^^t^D. 

E 12S 6IEi( 140)21- eS (142)01 ^^sj X1I2 715(113) ^01 o|Ei MS5«15P)]& 3^(160)1 
t!" ^EHS E.Mtt 350IIIK ^IE1 e^5|(150)^ TEQS 6lt^^# S2 7IEK113)2J .59011 CHSf 0.5a«» - U 
§E2] t^7l^g^im 2]oH g*rt^£S^ SSI ^ 3D. BIEI M2?|(150)££AIS teos ^ 

t|-°[0| AF^l ^ 3^D. OI011 ^gEIAIS S"3 DE Ml'2j ^°rO|D S'il-^OI A^l ^ 3D. 01 

uu, aiEi ss:^(i50)2j e^rm «s=ra oil 2ishoi ^ts^ - ^ 3^di. oi s^chi 5^ 

&^(142)2J LH^S ^^^o^ 5 ^ c£ EH S 1 ^ 3^S^ HH^KIh o\Ei Sh5|(I50)M ^5 

5h7| 51 Oil &g &«(142) LH¥0il 4§2] ^3 ^ 51 571171- ^tSl 1 4^ 3°D|, 01 g° 

Oil^ ^§2J ^2 S 51 M§S 01^015 51 &^(142)0| §S1 4= 3D. 

OICHAi, tlEi fiSHf(i50)2| S|Ei(140)2J ^0ilA1 23^(160)21- E^U ^1^01 o1E1(140)S ic 

g£>D. nEIH, 5^(160)M E5^0| ^3 EHE1S0I gOl^ OU^jCH, ^^DIhOIU ^Ols ^ 

i 'cHif iAm ^jjos ^BEiaasM 's^rtra iiEia*^ew ^s^d. oitm, a^(i6d)s"oi$= 

X1I2 715(113) #2J OB ¥^IOilA1 HHfl(0|EAI')2f BS HHE(E ' 22J 102)1 OI^ES ^AICHI lEi 

E 13g Si: 715(111)2] ffl-aSS^H "Hi 7I5(111)1 ^l^&IOI 0HLI1E( 122)1 ^3^#EH! eai^ 
20ia. DHUS.H(122)S 7311 715(111)2] HHS1 SA^^HS^i S^SU. »|1 
7I5-(111)2] HH30B A'^ls S^l ^^Df^Hl S^^Hl TMAH(Tetmmethyl Ammonium 

Hydroxide)! Oil S?Vet chant )^S S}01 £&M2i (111) S«?£S2| 6|2[0| .afe 

tRH -UIW biBITJ ElOi tHSf 54.7° 2] gAU ?mg DHLJM£(122)7f SSSP. Htm, & v 7| 
DHLISE(122fe Ora STJOilM S-gg 4^E 3D. ffife DHLiSfe(i22)S Xill 715(111)2] HH&! SAj: 
*|2«tK)|-«a^ EAIEI3 ^SEI3^!5, SAWZW1 OftJ lEfl^S ^42^ ^^4E 3D, 

E 14^ kM(130)2|= S3 fflg E(128)i ?0B TEOS ^°|( 170)1 g«f -^BIB EA|.^ 

2O|£K.iM(130)S 5| E|(1 40)2| fl : Ei(140)2| 5|gMD 5fg -5|g, OUSCH 16^20ab §E2] S 

1111 715(111)01 '-?qitPW olEI M22|(150), W. 715(113) 5! m ^(.112)1 .^R££ 

sa i«y «a«-«(i2B)£ eiEi M2»(i50), soi ?ioim( no)2j 32 7i5(ii3) a ^^(112)1 

SIE-I (140)2] Bh^OUAl' 0HLIME( 122)2] 4^DFA| ^.4!S££ ^» ^ZWSSAH *!2EltiL 3 SOIfe 
CH^f 50/rm SS'S ^13 3 ^& CH^f 2m §ES SD. ^S, S3 ifly B(128)S ^#o^ E 

i52j eJijoii/d oi^pi& stoK. 

01 01; Al > TEOS #fr°tt 170)1 S.S^a. 01 TEOS ^t^(170)S "CH-Bf SE2] ^Dlfe Eb 

3 ifg£3 01^013 SW(160)2r MS HE7> SSElXl gffe g^|2J flg OUgjCH 400X OI^HHIAI tfe 

□Figg, S ISM SAIS H>2(: i»L km<122) ¥^l »3a ?)i flLW'ttgS S(128) ^^2] TEOS Ah 
5^070)1 ,*|2»fQI Si! ?l5?(1il)l kfAlflEK 



15-5 




^ 2002-0061982 



E IGe hi^E! M\ 7ISK111)« ^oiOl S3 SfcHC 124)21 S3 JHH( 126)1 SStf #EH* EAIt! 3 
01 CK S3 aUI(124)S kl(130)l 7311 71^(111)1 6S« ^ttS.g* 4 2D. 

?a*!£S, XeFr 7F± E^ BrF, 7^1 £|2f7^5 AUSIW Jill 715(111)8 ±SAI2J MB 
£j"D. 3E13 EAIS LdhSf &0I. 3 S0I2J B>30l OR 20m£! CH^ c SWS2I S3 aH1(124)7| ««EI 
3, 01 2> SAIOil S3 HfcH( 124)2* DHLI1E( 122)1 3 £0!2f SJ30I CH=f 8 - fe^G! S3 xH 

y (126)01 ««SD. E£j-, S3 gSbH(124)Sf S3 MS( 126)21 aSi??l(HI = 2)M ttSEIS S3 

ISbK 124)21 S3 Ha(126)OI BUSAI SSEIS 11^ H|g agS|( 129)01 «SBD. 0121 STOI S3 
IS Hi (124)21 S3 aB(126)g MAI Oil SSI 4= SiXIB, £74^££ ^Sl 4^E SID. S3 
SHi(124)S Ml 715011)21 I3f £g 2013 OI&S WW §ghg ^^£S-^ SSS 4^E 

sid. ois«. s^ti s a-ssi n saioiiwi ten S3 33 e^h ^ie^f sssd. 

E 17 9 E ISg E 7HI EAIS S3 £1^-1 y\'X\~ B oigoj ^AIMIlH! [LIS S3 3! = 

rHIEi J]\^t\~ HhSt EA|*t B3ESA1, E ?2| 0-0 £jf [Cll BBESOID. 

B £AUH|2| S3 2! trj|E2J HI 5 »gg Sstt S 4'AIW|2| fl£ ^ S QHUlE'ii S3 *Hy 

^. E 10 LHAI E 122] B*l = MSJSHL E 1321 B3I0U1 = 0HU1E2J «SB »0I7I- SiD. ^ 
E 17M EAIS Um BOI, B gA|(M|2| DHL11E(222)~ «(HI S3 13Bi2] OFEH^Oil £l*m£^ 

Jill 715(211)21 HHB1 *|2|*r££JWI ^SSD. 

E 14 LHAI E 162] B*IE MimU, DB B gAIWIOilAl^ E 14 LHAI E 162J ^E^Qii EAI 

S S3 xH^£ *!£EIA| SfeD. 3CHd E 18011 EAI a U\9\ 1T0L S3 a Hi (224)1 wQ\\ S3 

15 hH (224)2] §2N?£IM 0|»g ^^t[0\ OH LI ME (222)21- SSE|£ S3 xiy(226)l S 
Q. 0I£^, Sst? AI0H2J S3 2! ^IE^ aSSCK 

^■a^ ^ b g^2i S3 a ^bie ^iE2j g^aaii soi ?4ioiitii a^e^ ^ib 

2J S3 Oil kli^^AI S-71I2I- ^§2j 51E11 e^F^ VX\ M0| ^^ftlDI 

3 Jit 5 ssoi e^^ ^ siCK e^, S3 R±mo\ soi siioim ^chi ^^n^g 

mi, gyi2j ireeiih sb aui s S3 n^m ccf^ w^ra Bsm^ s°i ti^io^ t« 

0 »ffl»£SH2| ^Jil^Ua^aQ. [ChEKAl , ^«^°! ^E^l ^A^2J J1l^g2^ S»OI ^fe§H31 S3 
S! 59 M tllE2J OlSFiatfOI gOlflS'D. 

01^ e ^S°| UfBSJ*!- ^AIQIIll ^A1|5| gg*«AI^ B ^"S2i ^?l^ 01 Oil ^g£IAI QS^ 
^ E^'AIOIPh ?[^olQ. OtlgjCH . B ^SCHlAi ±si§ al|E2j Z| R^l ^£t>l?\ ?loH Afg 

El^ MAI3Xi "3S A^ ^E ^, ^EA| ^EI50| OI-LIBI-E J\ggO\ # 

^ ii^ mm ^ saH; ^ieiu s^, me\e tm^. ^tm me o^faioid. e, ^ 

^# S! ^g u Jg£BJI Oil A! a ^^A1, DS^I ^^^^ ^i^^OI ^> 

E^, B 5^1 e ^jE Jiii 2| E^|2j ^Ai^ 01IAIS m\ *ME.W 4= SID. ^ B 

711 Oil Al DIIAia ^i-il^ei ^x|^ Ji^a ^bie ^jc^l g^o^ x^^v ^ o,^ ^o, imM ^n^^j 
OIIAia ^^11 ^CHU 5§}fHoO. 



OI^OilAi ^Stt &OL B ^SOil 2J*i S3 t5 bH S ^2 S3 3 ^IE2F SOI ?J|0|ffl 

it oi 3 wii amm ^ hsfm ^sd. 

SlEil ^SSUl, S3 atH2J a^^o^ ^^tl-og^^ ojaol <^j£|Qj 

DS S3 sa¥2f°J 2KdS JDV "4 -551 on, hHMOl Hgf£^ ^^£|CH ¥ °-^^°J W^S %M 

V- ^ SiTil SQK 

SfflL BS S^OI DH3EI0I SIE10JA1 §01 ¥?l^ SEEl^ 3JOI ?!Sl°S, olEIWIAI s K 

aa m (HIUAI2I S3^2j 2^mO| *'0WWI £101, WIUAI smOl ^£101 tfi^BI ^gtHIAI ^^011 01 
^ ifcfiAi&OI SOOTTfl £IE^ ^M ^Eh^# S# ^ SID. 

fi!«L SOI -tfOilftSI t»Bia JB2 7IBM SIM ^^£1^ S3 iSBiej ^ w 0 , gjj^ ^lEiOll 

21*r3^. S S3 gfcH LH2| 2M -.B*M SjM-AlE S3 Utim «6f S 3 ^ ^01 flH."Btia» Sr h 
~D. tCfEW,;eil?|.S^PI S'goPI SOT'4» SlP-CH, S3 °-H^BJ M^OI 3«*>7| El 3/ S3 £^ 
¥ 2912) LH^SOI g^iewi SD. 

59:M ^lEBJ Z| ^gfi^M SOI SllOlffi ^OB SaSSFOI ^^tmS^, 3 «|£ 5§0| 
4^ flSXHv SEH2I "h:»5ja- S3 §MhH S S3 MH*"S AII^IGfl BSofe M2J S§§ ?1 

a.01 *i@ gsif asi2i : s7ji»'M^ao. r tt»: ga^a xi^s-saf s:»or^i**fDi 

CHifa^oi soimsd:. 

i. at 7IS-SK ai ?is son ^gsi tfasritt. #7i\4rta£t ^(Hi a 2 51 3 
tmte soi aioiiH fe'-oii ^?s.ei~ sa shim ?ra S3 s see ^ieoii sidjai: 

g?\,M\ 71 2LKHI gx-BS SSEfe 225, S3M SSBfe DHUME2K gi^£S BN?S2| g^g 71^ 
XI Ot SMI S37h aglWS SHaBia; S31 ^7| OHUMEg^EI #71 S3 atH^ S-gSfS S3 

xHtf; •' " v ; ' : ' ■■ : : 

iv\ #7i m j\b^ #71 sh mwm m^n m^^ ^m «3eiql 9321 ssoi 01 
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£71 X1J2 71 SOU «SEIDt, £71 X1I2 715^1 SJ^t &££Jn SfgSKM £71 iff SaW= g£2| SI 

eh 

£71 XII 2 715 SOU SiSEIOI. £71 SIEtl SsiSf^ SIE1 22 a 4; -ft' 

£71 SI El SSl^I Afo|| ^gtiDj, g|E12f S7|Sj£S S3 i El 01 £71 SIEIOil 3S1 2!?\ot= SR.: 

1 7Hlo^ SJS ^S£S Sfe u^?S S3 ^bHl 7*2 S3 E&e SflE. 

2. X1I lifOII SI01A1, 

£7! B'i S^e £71 SIE12J LH^^Hh 21531 CUE] £71 BEIGES figgog^ £7! olEi 

2h £7! HI2 7I52J Q§ ¥*I7* AiS 12 S BIEIE^ 3J1 &N?*j c =!3 gbKS 
713 S3 S rH|E. 

3. XO 2MHA1, 

£71 Si §"S Eh£2| 5 ^EHM ««E|Q|, £71 SlEi S^StOfl HJ*H SMS^SjW 3 LH^7F &'S*| 
2£ SBSEHS! §Z>££ Ol^Oi^i BWS 93 SbH«.7*S S3 £• ±91 cHIE. 

4. Xil 2&TCHI 3101 Al, 

£71 Bl = ^§^J §s o, e « oi^CH2 31 ^SES SI™ S3 *3Hit 7hS S 

3 SI = S!M £||E. 

S^tJ" 5. Xil I^LHI SACHAI, 

£71 S3 JHy~ 3 SE^7h 2>2»- £71 QHUSElft £71 S3 15 bH Oil 21EIE^ £71 Xill 7|ff2| £9 
(HI 4rg 301^ **£El = 211 ^SE^ S^ S3 SbHI 7fS S3 S! WE. 

Xil 1«f(HI 2KHAI, 

£7| S3 xH^^ £7| S3 sSHi°J UF^TOil £7| DHU1E2* 31E|E^ ^£EI~ 31 ^9E^ Sfe 
^ S3 IStJil 7R3 S3 2! ME. 

g^tf 7. AIM 7IB2L £71 XI1 1 715 £tHI 5(#g d-s^UK £71 £!^°t £011 Xil2 71 5E^ 

^£E| = SOI ?I10|IH# 5H|»= 

£71 A-i] 2 7151 £^SH3] £h£B| SI Eli ShSSfe S£ § ^EH^J Si £^1 ^£Sfe BH; 

£71 Xil2 715 £011 £71 o| EH S^fH £71 (3s S^S BSA|?|3| S|*j- S|E1 M2°[f ««Sfe S 
»; 

£71 o|E1 fi2?t £0fl £7! S|E1^ 27|5|£^ ^^El^ 23^1 ^£S^ E^l; 
£71 M) 7I5BJ BHS1 <^l^01 S3M g^S^ DHU MEM ^£ofe E^l; 

£71 SIE12J S^£S £7! SIE12J SjgMD ^ ^3£S £7| 5|E1 fi2^ £7| Ai]2 7I5 Si £71 V 
£M *\?ftm ill ^£S>^ E^l; 

£7| hiMQII ^SH ii^i £71 AIM 7151 £^5^, ^^^£1 ^£1 7hAI~ S3 t»bHM ^ 

£dfe E^l; ^ 

£71 IV 7151 £^1-01 S31 £71 DHUIE^EI £71 S3 tShJHS S3 xeyi ^£B^ 

B7fl;p =m\*m 21 m~ soi qoimg oie^ S3 si HamwEsi xn^ ^s. 

8. a 7&PM SIOIAI, 

£71 SOI SII0I5I2I £71 Xf2 7I52J 10«m - 3CW£! 21 1S£1 Sfe SOI ?4IOIEtt! 01 S3 

a sam siie2j xii i . 

S^t* 9. Xfl 7^011 SiOiAi, 

£71 £71 t\E\2\ IHStf jtt-ffl4&«f "Eto £71 SIEtS §£WE^ ^£HEM^, £71 Si El 

a- £7i xii2 7i52j zm ^?i7h Aie is 3 e^eiei sfe ai §S£g ^ soi ?joim# dissj- 

S3 S! ±§!M M-ESI "385 a K S. 

S^lf 10. XII 9tMM Si 01 Ai, £71 SfH Sfiiata S£Sfe 

ner t^7i£g*rg(ni: '-^ub^sai £7i §^oi saai-os ss^ehB eiem sfe 21 * 

921 SJS'SQJ WOmm Dlftj S3 5! ±§M MEBJ xui »&. 
*W 11. Xil 9*M SiOIAL 

£71 51 El SSSti t*£m~ STj SOIL £71 -E*g S«. LH¥1 ^^?J §9 ! g Eii 11'^ iH^^ B 

71 f a #uftfe 'St#"«S$is *fe soi 'scows oig& S3 s =b|M ^iebi a*s yfg. 

12. Xil ?^0J StOi Ai, £71 S3 S£S^ 

£71 SI El °J U^(Hj A+ .£7l OHLI SE MS £71 SlU; ^2.^ , £71 Xfl2 715 4' £71 d+t^M 
£^ff01- £71 XIII 7I5M itSAI?!^ Sli flia tfSf ?1 *«ftt&- Sl> S 

£71 S3 X«y £W! HJSB k.Sa £71 Xill 7151 £^mA E^h.l 2» *S 
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